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i L R TaCls-CsHeHo-Ar RNARR, FESARTIRIE(CVD) BEhHifE C/ C HAM BRI TaC
B K C-TaC EEHWRE . IR TIREST TaC RE AL AR H S ML CVD-TaC WRE VIR . 4531
R W 7E 1373~ 1673 K MG H AR TE C/ C E-EM BRI & 0 AR Z, B i TaC FUF S B4R . 42 & it
FUREEA Ho/ CsHe ILELL, TaC ¥WR)Z PRkt & &b, MEVIBIRE T &, TaC W2 RBR R K,
K FRRE T BE; 78 1573 K B R50RE ) H 0B 2 PR R 4 T, 5 M B8 B3R . ) 4% HH LA BB 1) G- TaC A HRZ,
ZREE AR AA RIFRIVRAHBE . 8T TGN ) - BRE TaC BE W)= AHLH
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Effect of temperature on composition, surface morphology and
microstructure of CVD-TaC coating
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Abstract: The TaC coating and C-TaC composite coating on the surface of carbon/carbon composites were pre-
pared by CVD method in TaCls-C3Hes-H2-Ar system. The influences of temperature on phase composition and sur-
face morphology of TaC coating as well as the mechanism of depositing TaC were studied. The experimental results
show that TaC coating is composed of TaC and carbon which can be prepared at 1373~ 1673 K. With the increase
of temperature and H2/ C3Hs ratio, the content of free carbon is decreased. The crystallites of TaC are small and
distribute homogeneously at lower temperature, while larger crystallites of TaC are formed at higher temperature,
resulting in a coating of poor quality. Dense sintered interfaces without cracks appear in the TaC coating at 1573 K.
The composition of TaC coating is fluctuated and the coating has a good mechanical compatibility to the matrix. The
mechanism of forming composite TaC coating with low stress and without crack was analyzed.
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Fig. 1 Scheme of CVD-TaC

coating deposition system

WREI, TR LT EZSHO TaC HAEBOEE
AR ZE R EA Y B . EE T ZZSHaHE:
TaCls H2 . CsHe 1 Ar [958 LR PR . 5K
sk TR Ha AT aCls FIBERELA 15~ 200 158
& . TaCls 5 CsHe HYBE/REEER BT 30 1,
78 1373 K LR UURRRE, SRR & A K =7 Bk,
C:He HE BAF LR, (H 4L H 1473 K FaE 3
1673 K, [RIFEULE b PURR R 10 Ui B B ek 2
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#1 CVDTaCRETESH
Table 1 Process parameters for
CVD-TaC coating

Deposition Deposition Flow rate/ (mL * min~ )
temperature/ pressure/ Cal q
K M Pa 3He 2 Ar
12731773 01705 3040 600 2000

2 HiREiHe

2.1 TaC iR JZHIAHE K

FH A % D/ max2550VB* 18 kW #5H#E X 5}
LRATIACN E T aC ¥R JZE PIARLL AL . WKL H (K 2)
K, PrRRIRUTRRD TR TaC sb, IEAFERTEES
W . BRI EEEN, BMEUBEEMN 1373 K
TH4 1673 K, BrRHEIATHIEAWT FEAS, 1 TaC KIAT
SRR S, R 2 T AZEEF TaC S &
(H X ST m gt 548 2, AT I1673K
i 22 AE TaC .

BKH TaCls-CsHeHo-Ar R NWAK R YUTHA T aC
I, R AR5 R NA

1/3C3He(g)—C(s)+ Ha(g) (2)
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Fig.2 XRD patterns of TaC coatings

R2 WEFTaC KEE(ERIE, %)
Table 2 TaC content in CVD-T aC

coating (mole fraction, %)

Phase 1373 K 1473 K 1573 K 1673 K
TaC 3.90 60. 63 82 74 98 18
C 96. 10 39. 37 17. 26 1. 82

TaCls(g)+ 5/2H2(g) " Ta(s)+ SHCI(g)

(3)
C(s)+ Ta(s)—TaC(s) (4)
TaC(s) + Ta(s) ™ TaxC(s) (5)

ERN(4) RS HATHIE T, WH CGHe 1
IR E LG TaCls P, Ik & ks DA 258 1) 7B 2
TR R, k2, BEFPSHILER Ta.TaC.
T N 3) A& MR L AT R, BT R RO S AL
REEER(60. 7 kJ/mol), H M H HEES KX
%%[9]

AGF/ (T * mol™ )= 303 674- 221T (6)

P EK o= 1 TN N R 1370 K . 7E
BARIRE T, TaCls K fERA TRy, BARES
Ta MEAwD, &0 KEMW S . SUITREE T &
i, TaCls B 7 fif 78 2% 0 384 K, i Ta/C L H BT
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Fig. 3 Equilibrium constant of
CVD-TaC reaction

%3 TaCly BHTIG S 2 HE

Table 3 Thermodynamic parameters of some matters

cp= a+ bT+ cT?+ T 2/(Jemol" e K~ 1) AH g, 298/ Sa0¢/
Matter ’ L ; ;
a b/ 1073 ¢/ 1077 c/10° (J* mol” ") (J*mol” "= K™ ")
TaCls 138. 072 0 - 12 552 0 - 858975 233. 92
C3Hs(g) 12 443 188. 380 0 - 47. 575 20420 267. 05
H2(g) 27. 280 3. 260 0. 500 0 0 130. 59
TaC(s) 43. 292 11. 351 - 8 799 0 - 143 093 42 26
HCl(g) 26. 530 4. 600 0 1. 090 - 92312 184. 80
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2.3 HEXT CVD-TaC )2 B3R K 520

TaC ¥BJEHH i SEM(KYKY2800) M5 . & 4
P VTR EEAE 1373~ 1673 K WA B Er
fHE(H2 600 mL/ min, C3He 30 mL/ min) FI¥RZER
SR . AT E A FEDUREE T T aCiR 2 15k R
STRIRTASZ IR K. 1373 K MR m A

DR TaC AR, FEE CVD K, BREZ I,
HE s YT RN (AR T TEST) .

B DA T, T aC ¥R)2 AR R < 1
B K(AE 1473 K If24 3~ 5 Bm, 7 1673 K Y
KE] 15 bm), HSEEGH TR, FERRESFE
— SRR, 1473 K 23R, FORL i — R

Kl 4 TaCRZERMES SEM B H

SEM photographs of surface morphology of TaC coatings
(a, b) —1373K; (¢, d) —1473K; (e, f) —1573K; (g, h) —1 673K

Fig. 4
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Bl'5 TaC #R/ZUrIHES SEM T
Fig. 5 SEM photographs of section morphology of T aC coating

(a) —Graphite matrix; (b) —C/C matrix
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K6 C-TaCEEWHRZWHES SEM 75 REil 04t
Fig. 6 SEM photographs of section morphology and

EDS result of C-TaC composite coating

IR T RERE U BT S5 R . XA B AR R AR
& s, MEM C.TaC WHIARFE, TaC
B RARBREHE R, ZEEE, &RERH
BERE R X, WX 2 A WROKS . H1&] 6 AIE i,
IR B L E AR Z SR DU IR B, ANE R
DTG I DX ) S T AT TG R LA LR, UR R B
W, SRl /NS . R C-TaC B &R
B 5 AR R IK R BRI, BA R R BT
Bk, RAE4TaC KPR RBLA N C/C BEM
L 4 £5 . X — KB % TaC T #abd | ke
K HwEE TR R R A T BRI .
%4 HE6(b)H CGTaC HAWRES W
IIMTE R (IR, %)
Table 4 Elemental analysis results of

C-T aC composite coating in Fig. 6( b)

Spot 1 Spot 2 Spot 3 Spot 4
Ta C Ta C Ta C Ta C
3609 63.91 2213 77.87 29.17 70.83 0.45 99.55

XM ABEESRER T — R ERER
JRRAET: W AMEEGWREFELH TaC &
EAFK C-TaC WREM B AR, CGTaC %2
EHEANA WK KK TaC B2 (K 6 MG
B), S TRERMELERTX, RE TaC BE
PIFFZIE RBOR, HILEEE/DN, M C-TaC WRJZRI#H
TR REUR, BT A X I 5 H R 2
A EAER, AR R R BRI AR R
£, DR AR K, B RIFRPUHGEE . 1M
ali ik FE 1R 2 I BRZR M FAME K R ZOAS [B] 7R P oA R )
IR g, AN BE AR A A k) ) P2 K 2R3, X
T I M RBCBR BIA R T aC) 76 K I Hbf

N (40 K A KI) ISR T . ERITT 137 5 () B B
ARASBEff R IR E R R

Bobkenh | AR« E TR e Tl 2 K
FREE(> 2000 K/ s) #ah i il 30320, XFh 2 2RI
SN T aC ¥R 2 B U0 B 1) B o 1 R e
U RE

3 e

1) I TaCls-CsHeHo-Ar RNAKR, BEMELE
1373~ 1673 K it JE 96 Fl 4 A AL 2 SAHTTRRAE €/
C EEMEIEH &t TaC F1EE 23U B 5% 20 5 1)
W2 .

2) REVIAUEE R Ho/ CiHe TR ELEL, TaC
R R AR D

3) BEAEVIARERE B TR, TaC ¥R 2Bk R~
Bk, BIAIRERE T M #E 1573 K INH0RL A) B0 B
WL T, S TR,

4) I & A B C-TaC B R &
W2, ZRELHG AN IE, SERAREER
UFFIHLARAE 251 .
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